Immobilization of lipases from Pseudomonas fluorescens (Lipase AK), Burkholderia (Pseudomonas) cepacia (Lipase PS) and lipase B from Pseudozyma (Candida) antarctica (CaLB) was investigated by entrapment in electrospun poly(vinyl alcohol) (PVA) nanofibers. The activity and selectivity of the lipases entrapped in PVA nanofibers were characterized in kinetic resolution of racemic secondary alcohols using acylation in organic media. Potential bioimprinting effect of eight substrate mimicking additives [polyethylene glycols (PEGs), nonionic detergents (NIDs) and various organosilanes] was tested with the fiber-entrapped lipases. The nanofibrous lipase biocatalyst entrapped in the presence of the additives were also characterized by rheology, differential scanning calorimetry and scanning electron microscopy. In addition to the known lipase-bioimprinting agents (PEGs, NIDs), phenyl-and octyltriethoxysilane also enhanced substantially the biocatalytic properties of lipases in their electrospun PVA fiber-entrapped forms. The reasons of bioimprinting effect of several additives were rationalized by docking studies in the open and closed form of CaLB.
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Bioimprinted lipases in PVA nanofibers as efficient immobilized biocatalysts
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Introduction
Lipases accept a quite broad range of substrates in mild and selective reactions and therefore widely used in various applications such as industrial biotransformations, immunosensing and biomedical processes. 1 As general requirement for a successful application, these catalysts must be stable and fully functional under process conditions. The process conditions such as temperature, presence of organic (co)solvent, pH-value or pressure quite often differ from the natural environment of enzymes. Enzyme immobilization methods may offer possibilities for the physical stabilization. 2 Immobilized enzymes are advantageous in various commercial applications due to the convenience in handling, the ease of separation of enzymes from the reaction mixture and reuse, the lowered production costs and the possible increase in thermal and pH stability. A carrier or an entrapment matrix for enzyme immobilization should be biocompatible and should provide an inert environment for the enzyme molecules keeping the native conformation of the enzymes and not compromising their biological activity. Although entrapment is a generally applicable and robust enzyme immobilization method, many of the traditionally obtained polymeric matrices provide too tight environment for the enzyme molecules thereby reducing their catalytic activity. In case of immobilized enzymes, biocatalysis is carried out in heterogeneous phases, thus diffusion barrier is among the key factors governing the efficiency of the process. In this respect, permeability and diffusion path length of enzyme carrier or entrapment matrix are critical points. 3, 4 Recent developments in nanotechnology have provided a wealth of diverse nano-scaffolds that could potentially serve as supports for enzyme immobilization. 5 Among the several nanosized materials, polymer nanofibers are promising carriers or entrapment matrices for enzyme immobilization. 6 Traditional methods for polymer fiber production include melt spinning, dry spinning, wet spinning and gel-state spinning. The electrospinning technology allows the production of long, threedimensional, ultrafine fibers with diameters in the range of a few nanometers to a few microns and lengths up to kilometers by using an electrostatic field. 7 The unique properties of nanofibers could be utilized, such as extraordinarily high surface area per unit mass, very high porosity, tunable pore size, tunable surface properties, layer thickness, high permeability, low basic weight, ability to retain electrostatic charges and cost effectiveness, among others. Although a number examples exist about enzyme immobilization on the surface of nanofibers, 5 only a few experiments were reported on lipase entrapment within nanofibers. For example, lipase from Pseudomonas fluorescens (Lipase AK) was already immobilized in polyurethane (PUR) nanofibers, 8 and lipases from Candida rugosa, 9 Rhizopus oryzae 10 and Burkholderia cepacia (Lipase PS) 11 were encapsulated in simple PVA nanofibers.
In our previous study, it was found that electrospun PVA nanofibers were applicable for entrapment of lipase form Burkholderia cepacia (Lipase PS) and lipase B from Candida antarctica (CaLB). The Lipase PS and CaLB biocatalysts entrapped in PVA nanofibers were durable biocatalysts retaining significant part of their original biocatalytic activity after 10 recycling (40% with Lipase PS; 80% with CaLB). 12 One of the most successful strategies for enhancing enzyme activity during immobilization involves tuning the shape of the active site of the enzyme by molecular imprinting with substrates or their analogues. [13] [14] [15] The mutual effect of bioimprinting influencing the activity and enantioselectivity of lipases was demonstrated by immobilizations using sol-gel entrapment. 16, 17 The bioimprinting effect could be rationalized on the basis of the generally accepted hypothesis of the interfacial activation mechanism. The active site of many lipases in aqueous solution is covered by a flexible region of the enzyme molecule, often called as lid. Interaction with a hydrophobic phase can cause opening of the lid to make the active site accessible. 18, 19 This hypothesis is supported by crystal structures of lipases involving open and closed forms. 20, 21 Since interfacial activation can cause a dramatic increase in catalytic activity, it is of profound importance for all applications of lipases, and should always be considered when develop immobilization methods. 1 Although bioimprinting proved to be an efficient tool to modulate the properties of entrapped lipases, this strategy has not been combined with entrapment in electrospun nanofibers yet.
Herein we report efficient bioimprinting of three lipases from Pseudomonas fluorescens (Lipase AK), from Burkholderia (Pseudomonas) cepacia (Lipase PS) and from Candida antarctica (CaLB) entrapped in poly(vinyl alcohol) (PVA) nanofibers. Three types of additives, such as polyethylene glycols, non-ionic detergents and organosilanes, were investigated as bioimprinting molecules for the lipases. Polyethylene glycols and non-ionic detergents were already applied as substrate analogs exhibiting bioimprinting effects in sol-gel systems, but their effect in PVA entrapment has not been investigated yet. In a previous study, the bioimprinting effect of several organosilanes applied as silane precursors to form the solgel matrix was considered assuming their substrate analog function. 17 In this study the bioimprinting effect of organosilanes such as phenyltriethoxysilane (PTEOS), octyltriethoxysilane (OTEOS) has been clearly demonstrated.
Results and discussion
To test the optimal immobilization conditions, various amounts of Lipase AK were entrapped in electrospun PVA fibers (Table 1 and Figure 1 ). After selecting 5% lipase loading as optimal during PVA entrapment, three different lipases (Lipase AK, Lipase PS and CaLB) were investigated with rationally selected additives as bioimprinting agents (Tables 2, 3 and 4) . Catalytic properties of the formed biocatalysts were tested in kinetic resolution (KR) of racemic 1-phenylethanol (rac-1a) using vinyl acetate as acylating agent (Scheme 1). Finally, the nanofibrous CaLB biocatalysts formed by entrapment in electrospun PVA nanofibers in presence of the additives causing the most significant activity enhancements were tested in KRs of 1-phenylpropan-2-ol (rac-1b) using vinyl acetate or vinyl butyrate as acylating agents (Scheme 1, Table 5 ). Scheme 1. Kinetic resolution of racemic secondary alcohols (rac-1a,b) catalyzed by lipase biocatalysts immobilized by entrapment in PVA nanofibers with vinyl acetate or vinyl butyrate as acylating agents.
Loading of Lipase AK for entrapment in PVA nanofibers
An important goal of enzyme entrapment is to reach an optimal enzyme loading. At optimum, the highest biocatalytic activity can be achieved with the lowest amount of the valuable M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT enzyme. To optimize enzyme loading in the course of entrapment of Lipase AK in PVA nanofiber, electrospinning was examined at different enzyme/PVA ratios (Table 1 and Figure S1 ). Catalytic properties of the formed biocatalysts were tested in kinetic resolution of racemic 1-phenylethanol (rac-1a, Scheme 1 and Table 1 ) using vinyl acetate as acylating agents.
Although increasing the enzyme loading during PVA nanofiber formation resulted in biocatalysts of increasing activity (c) with excellent enantiomeric excess (ee (R)-2a ), the standard deviation of these biocatalytic parameters also increased (Table  1 ). In addition, at high lipase loading nanofiber fabrication become more and more difficult (at enzyme content 33% no nanofiber formation was possible). Moreover, the increase of specific biocatalytic activity (U B ) was not proportional with the lipase loading in nanofibers. The most beneficial activity yield (Y A = 178%) was observed at 5% lipase loading. Scanning electron microscopy (SEM) was used to study the morphology of PVA nanofibers with different lipase loading (it expressed as m/m% compared to the mass of PVA; Figure 1 ). SEM pictures at 5000× magnification showed significant diversity of fiber uniformity depending on the enzyme content ( Figure 1 ). Without enzyme or at 5% lipase loading, the formed PVA nanofibers were arranged as a well-defined nanostructured tissue with average fiber diameter of 500 nm ( Figure 1A ). At lipase loading of 10% or above ( Figure 1C , D, E, F) nodes and confluences between the polymer fibers appeared and the structure of the nano-tissue was non-uniform. Elementary analysis of nanofibers with higher enzyme loading suggested significant protein aggregation in the non-fibrous area ( Figure  S6 ). Based on the investigation of catalytic behavior and morphology of the forming fibrous biocatalysts entrapment of 5% Lipase AK was determined as optimal loading in PVA nanofibers to provide a homogenous nanostructured biocatalyst of high activity yield.
Bioimprinting of lipases in PVA nanofiber
After selecting 5% lipase loading as optimal during PVA entrapment, three different lipases (Lipase AK, Lipase PS and CaLB) were investigated with rationally selected additives as bioimprinting agents. Studies with sol-gel entrapped lipases showed that the "ligand induced memory" can also prevail in solgel matrices, thus the immobilized lipase can "remember" the imprinting effect even after removal of the template molecule. 13 For this reason, selection of proper bioimprinting agents might be crucial to improve the biocatalytic activity and selectivity of the enzymes. Tween 80, Brij 30, PEG, olive oil, lauric acid were studied as potential imprinting agents for lipases in sol-gel matrices. 22 In addition to the fact that the organosilane precursors were able to influence the sol-gel matrix structure, it was assumed that they could act as bioimprinting agents as well. 17 The fact that lipases could accept alkoxysilanes as substrates during oligomerization of dimethlydiethoxysilane (DMDEOS) supported this hypothesis, 23 but in sol-gel systems these influencing factors could not be isolated from each other. Therefore, in this study four different organosilanes (TEOS, PTEOS, OTEOS and DMDEOS) were investigated for the first time as bioimprinting additives -besides four well-known bioimprinting molecules (Brij 30, Tween 80, PEG 400 and PEG 1000) -to enhance the biocatalytic properties of lipases entrapped in PVA nanofibers.
The three different lipases (Lipase AK, Lipase PS and CaLB) entrapped in PVA nanofiber in the presence of the potential bioimprinting agents (PEGs, NIDs and organosilanes) were tested in KR of 1-phenylethanol rac-1a with vinyl acetate (Tables 2, 3 
a U B is the effective specific activity of the biocatalyst [U B = (n rac ×c)(t×m B ) -1 ] , U E is the effective specific activity of the crude, non-immobilized enzyme [U E = (n rac ×c)(t×m E ) 24 indicated that PEG 400 molecule (consisting 8-9 ethylene oxide monomers) could fit into the active site of the lipase thereby stabilizing the reactive conformation during the immobilization process.
Presence of bioimprinting additives in immobilization of Lipase PS (from Burkholderia cepacia) in electrospun PVA nanofibers also improved the specific activity and the enantiomeric excess (Table 3) . The PEG 400 additive showed the extremely large enhancement in specific enzyme activity of PVA-entrapped Lipase PS with excellent ee (Y A = 2022%, ee (R)-2a = 99.7 %). This beneficial effect of PEG 400 can be explained also by the X-ray structure of Pseudomonas cepacia (PDB code: 5LIP), where a 1,2-bis-octylcarbamoyloxy-ethylester in the active site (comparably long to PEG 400) could maintain the reactive conformation of the enzyme. 25 PTEOS and OTEOS organosilanes were also beneficial for the enzyme activity of entrapped Lipase PS. Notable, that PTEOS could improve not only the activity yield (Y A = 312%) but also the enantiomeric excess (ee (R)-2a = 99.6%).
The three-dimensional structure of the lipase B from Pseudozyma (Candida) antarctica (CaLB) has been resolved by Uppenberg. 26, 27 CaLB contains only a small lid covering the active site. 28 Therefore, it was thought earlier that the typical interfacial activation of lipases 18, 19 is not a characteristic feature of this enzyme. 29 However, recent structural investigations revealed the open and closed states of CaLB and the mechanism of interfacial activation. 30 The fact that CaLB is one of the most studied enzyme and this recently discovered interfacial activation mechanism focused our interest to investigate this lipase in the most detail.
Immobilization by electrospinning entrapment within PVA nanofibers enhanced significantly the enzyme activity of entrapped CaLB (Table 4) . Even the simple PVA nanofiber-entrapped CaLB biocatalysts showed thirty times higher activity than the non-immobilized CaLB powder. Addition of the bioimprinting agents further enhanced the catalytic properties of PVA-entrapped CaLB in each cases. Like with the other two lipases, PEG 400 proved to be an especially efficient additive with CaLB resulting in a biocatalyst with more than fifty times higher specific activity as the native powder with enhanced ee (R)-2a of the product (99.9 %; compared to 98.7% with the native powder). Among the organosilanes PTEOS and OTEOS additives exhibited significant bioimprinting effects on CaLB, with more than forty-four times enhanced specific activity as the native enzyme affording the product (R)-2 in high ee (R)-2a (99.5 %).
Next, the study was extended to 1-phenylpropan-2-ol (rac-1b) as another alcohol and to vinyl butyrate as a second acylating agent. The results found for the series of KRs of 1-phenylethanol rac-1a using vinyl acetate as acylating agent remained partially valid in this extended study of non-immobilized CaLB, CaLB entrapped in pure PVA, or in PVA doped with Brij 30, PEG 400, PTEOS and OTEOS in KRs of 1-phenylethanol rac-1a with vinyl butyrate and 1-phenylpropan-2-ol rac-1b with either vinyl acetate or vinyl butyrate as acylating agents ( Table 5) . As expected, the overall characteristics of the CaLB biocatalysts changed compared to the KR of rac-1a with vinyl acetate (Table  4) but the most powerful bioimprinting agents Brij 30 and PEG 400 remained quite effective within all series. The organosilanes PTEOS and OTEOS as additives exhibited much less, almost negligible bioimprinting effects on CaLB when applied in the three additional KRs. To understand at the molecular level the reasons of the outstanding activity enhancement of Brij 30 and PEG 400 and the moderate activity enhancement of substituted organosilanes with relatively large apolar substituents, such as OTEOS and PTEOS, molecular docking and modelling studies were performed in the active sites of the recently published open and a closed lid structures of CaLB (Figure 2) .
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M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
DMDEOS, and bulkiest product (R)-3b within the open and a closed lid structures of CaLB. The poses found for Brij 30 and PEG 400 in the closed lid structure of CaLB (Figure 2 , panels A and C, respectively) were in good agreement with the X-ray structure of CaLB complexed with a long chain methylpenta(oxyethyl) heptadecanoate substrate analogue (PDB code: 1LBT) 26 thus enforcing our conclusions to rationalize the bioimprinting effect of these two additives. (Table S1 ), it is probable that during the electrospinning most CaLB molecules adopt such form. This means at the same time protection of the closed reactive form during entrapment and also reserving an enlarged space available for the active site lid after washing out the additive from the active site. The removal of the additives is obvious, otherwise they would act as inhibitors. This double effect -conserving the reactive active site conformation but providing free space to active site lid movements -can significantly improve the catalytic activity during the acylation reactions. Thus the docking study revealed two synergistic effects (reactive conformation stabilization and mobility enhancement of the active lid) resulting in the beneficial bioimprinting effects on CaLB and probably on the other lipases as well.
Based on the experimental results, significant differences were expected between the most effective medium length PEG unitscontaining additives (Figure 2A-D) and the organosilane compounds ( Figure 2E-G) . The computed spatial arrangements of the organosilanes were compared to the computed arrangement of the product (R)-3b ( Figure 2H) . In all the cases it is clearly visible that the Si atom of the partially hydrolyzed derivatives can occupy a location next to the catalytic serine side chain. Although DMDEOS could be docked also with its Si atom close to the catalytic triad, it seems not large enough to significantly stabilize the active conformation of the active site, while OTEOS and PTEOS share similar sizes and overall arrangements compared to (R)-3b in both active sites, therefore suggesting overall active site stabilization during immobilization by substrate mimicry. This effect, however, without providing the space for free movements of the active site lid, could cause only much smaller and variable activation.
Effect of additives on the polymer chain interactions
In case of enzyme entrapment in polymer matrix including nanofibers, the physico-chemical parameters of matrix material may significantly affect the apparent enzyme activity and the final properties of immobilized biocatalyst. Especially interactions between polymer chains can influence the diffusion barriers, which can strongly influence the apparent efficiency of the immobilized biocatalyst. Thus, rheological behavior (dynamic viscosity) of the initial enzyme-polymer-additive mixtures and thermal characteristic [glass transition temperature (T g ) and specific heat capacity (∆C p )] of final enzyme-filled nanofibrous materials were also investigated (Table 6 ).
According to Kramers theory, the biocatalytic activity of enzymes could strongly depend on the viscosity of solvent because viscosity results in friction of proteins in solution leading to decreased motion and inhibiting catalysis in motile enzymes. 32 Thus, viscosity of the medium during entrapment could have an effect on the properties of the immobilized enzyme. In addition, viscosity can significantly influence the fiber formation during electrospinning. The dynamic viscosity of PVA solutions in the presence of the eight different additives were determined by a rheometer. The additive-PVA mixtures were Newtonian fluids with stable viscoelasticity (Figure S2 ). At the selected 0.06 v/v% concentration, none of the surfactants and organosilanes studied as bioimprinting agents changed significantly the viscosity of the solution compared to the pure PVA solution, except DMDEOS causing a slight increase of the solution's viscosity. Therefore, effects of the additives on the entrapped lipase could not be attributed to a change of the viscosity of the medium. 
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Among the additives, only PEG 400 had a significant effect on the T g of nanofibers (a decrease of T g 25.5 o C, compared to the PVA fiber without additive). In the case of PEG 400 as additive, the specific heat capacity also decreased significantly, indicating weaker interactions between polymer chains. The higher degree of branching within the entrapment matrix could result in lower diffusion barrier for substrate / product mobility, thereby contributing to the increase of apparent activity of the immobilized lipases.
Reusability of lipase entrapped in PVA nanofibers
The reusability of CaLB entrapped in PVA nanofibers without and with PEG 400 as additive were investigated in kinetic resolution of rac-1a in 8 repetitive reaction cycles. The behavior of two biocatalysts were quite similar, the significant part of enzyme activity was conserved after the repeated reaction cycles. The beneficial effect of PEG 400 on the enzyme activity was retained even after 8 runs (Figure 3) . 
Conclusion
Our study demonstrated the bioimprinting effect of substrate mimicking additives (polyethylene glycols, non-ionic detergents and various organosilanes) on lipases entrapped in PVA nanofibers by electrospinning technique. Polyethylene glycol 400 and Tween 80 proved to be the most effective bioimprinting agents, which were able to increase the biocatalytic activity and enantioselectivity of encapsulated lipases. Entrapment of lipases in electrospun nanofibers in presence of organosilanes such as phenyltriethoxysilane and octyltriethoxysilane allowed the demonstration of the real bioimprinting effect of these compounds to enhance the biocatalytic properties of lipases.
This study hypothesized for the first time that minor amounts of well selected additives can cause significant activity enhancement of the entrapped lipases by three factors: i) by stabilizing the active conformation of the lipases; ii) by providing extra room for the mobile active site-covering lids after their removal, thus enhancing the turnover frequency of the reaction; iii) by slackening the polymeric chain structure of the entrapment matrix, thus decreasing mass transfer limitations. We could show that in case of PEG 400 being the most effective additive for lipase immobilization by entrapment in PVA nanofibers, all the three factors play a synergistic role. 
Experimental section
Materials and enzymes
(±)-1-Phenylethanol (rac-1a), (±)-1-phenyl-2-propanol (rac- 1b),
Entrapment of lipases in PVA nanofibers by electrospinning
For enzyme loading experiments with Lipase AK (Table 1) , enzyme solution (100 µL; containing 35.5, 75, 119, 169, 225 and 332 mg mL -1 of lipase AK) was prepared in sodium phosphate buffer (0.1 M, pH 7.5) and was added to PVA solution (675 mg; 10 m/m% PVA in distilled water). The Lipase AK containing PVA solution was sonicated for 25 min at 22 °C.
For bioimprinting experiments with lipases (Lipase AK, Lipase PS or CaLB), enzyme solution (100 µL; 35.6 mg mL -1 of lipase) was prepared in sodium phosphate buffer (0.1 M, pH 7.5). The enzyme solution and the corresponding additive (5 µL) were added to PVA solution (675 mg; 10 m/m% PVA in distilled water). The PVA solution containing the lipase and the bioimprinting agent was sonicated for 25 min at 22 °C.
For electrospinning the lipase-containing PVA solutions were transferred into a syringe (1 mL) and were fed to the emitter at 0.8-1.00 mL h -1 rate using a syringe pump (Aitecs SEP-10S Plus, Vilnius, Lithuania). The distance between the collector and the emitter (with 0.7 mm internal diameter) of the electrospinning equipment was 10 cm. Constant voltage ranging from 20-30 kV was applied to the emitter using a direct current power supplier (NT-35 High Voltage DC Supply MA2000, Nagykanizsa, Hungary). Electrospun fibers were collected on aluminum foil affixed to the collector. Electrospinning experiments were conducted at room temperature (22±2 °C)
Kinetic resolution of racemic 1-phenylethanol (rac-1a) and racemic 1-phenyl-2-propanol (rac-1b) catalyzed by nanofibrous PVA-lipase biocatalysts
Immobilized or native lipase (50 mg) was added to a solution of the secondary alcohol (rac-1a or rac-1b, 50 µL) in hexane/MTBE/vinyl acetate, or hexane/MTBE/vinyl butyrate 6/3/1 (v/v/v) mixture (1 mL) in a screw capped amber glass vial. The resulting mixture was shaken (1000 rpm) at 30 °C for 2 h. Samples (50 µL) taken from the reactions were diluted with ethanol (1 mL), then analyzed by gas chromatography (GC) on an Agilent 4890 equipment using Hydrodex β-6TBDM column (Machery-Nagel, 25 m x 0.25 mm x 0.25 µm, heptakis-(2,3-di-Omethyl-6-O-t-butyldimethylsilyl)-β-cyclodextrin) as described in the Section 1 of the Supplementary material. Conversion (c), enantiomeric excess (ee) were determined from GC data (typical progression curves and GC chromatograms can be found in the Supplementary material). Effective specific activity of the biocatalyst (U B ) was determined using the equation U B = (n rac ×c)(t×m B ) -1 (where n rac [µmol] is the M A N U S C R I P T and m B [g] is the mass of the biocatalyst). Effective specific activity of the crude nonimmobilized enzyme (U E ) was determined using the equation U E = (n rac ×c)/(t×m E ) (where n rac , c and t are as defined above and m E [g] is the mass of the crude non-immobilized enzyme). The activity yield [Y A (%)] can be calculated from the effective activity of the immobilized biocatalyst (U B ×m B ) compared to the effective activity of the amount of enzyme entrapped in the preparation (m E' ) as it would be non-immobilized (U E ×m E' ); using the equation Y A = 100×(U B ×m B )/(U E ×m E' ).
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Tetrahedron 8 amount of the racemic substrate, c [-] is the conversion of the substrate, t [min] is the reaction time
Rheology
The zero-shear viscosity of pure PVA solution, PVA solutions with different enzyme content and PVA solution with different additives were measured at 25 °C using an Anton Paar Physica MCR 301 rheometer with a conical geometry (diameter of 25 mm/1° cone plate).
Differential scanning calorimetry measurements
The samples were dried in vacuum (1 mbar, 25 °C, 24 h) and stored in desiccator above silica gel before the differential scanning calorimetry (DSC) measurements. Thermal transitions including glass transition of the samples were studied by DSC using a PerkinElmer Diamond DSC equipment. 5 to 15 mg of samples were heated to 150 °C at 10 °C min -1 heating rate, kept there for 2 min to erase thermal history and then cooled down to -20 °C with 10 o C min -1 cooling rate. After 2 min holding time, the samples were heated again to 150 °C at 10 °C min -1 rate to determine the thermal characteristics.
Reusability of PVA entrapped lipase
Immobilized lipase (50 mg) was added to a solution of the racemic 1-phenylethanol (rac-1a, 50 µL; 50.6 mg; 0.41 mmol) in hexane/methyl tert-butyl ether/vinyl acetate 6/3/1 (v/v) mixture (1 mL) in a screw capped amber glass vial. The resulting mixture was shaken (1000 rpm) at 30 °C for 2 h. Samples (50 µL) for GC analysis taken from the reactions were diluted with ethanol (1 mL). Immobilized lipase was separated from reaction media, then washed with three times with 5 mL hexane/ MTBE 2/1 v/v and dried under vacuum for 1 h (< 25 mbar). Then fresh solution of the racemic 1-phenylethanol (rac-1a, 50 µL; 50.6 mg; 0.41 mmol) was added to the immobilized lipase in hexane/MTBE/vinyl acetate 6/3/1 (v/v) mixture (1 mL) in a screw capped amber glass vial. The reaction was repeated as same way described above.
Molecular modeling methods
X-ray structure of CaLB [PDB ID: 5A6V] 30 chain A (with open lid conformation) and chain B (with closed lid conformation) were completed and adjusted using the Protein Preparation Wizard 33 in four steps: (i) hydrogen atoms were added and bond orders were assigned, (ii) artifacts of the protein crystallization procedure and waters were removed, (iii) hydrogen bond network, tautomeric states, and ionization states were determined and optimized, and (iv) a constrained minimization was performed.
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